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(54) SPIN-DEPENDENT TRANSMISSION ELEMENT ELECTRONIC COMPONENT USING THE SAME, AND 
MAGNETIC PART 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a spin-dependent 
transmission element, which is capable of obtaining an extremely 
large magnetic resistance change rate at a room temperature and 
which has an amplification function. 

SOLUTION: A ferromagnetic layer 3 mode of more than one layer, 
electrode layers 1 and 5 mode of more than two layers, where at 
least one layer is constituted of a ferromagnetic body and 
dielectric layers (tunnel layers) 2 and 4 which are stacked and 
arranged between the ferromagnetic layer 3 and the electrode 
layers 1 and 5, and the multiple tunnel junctions of more than 
double junctions are provided. In a spin-dipendent transmission 
element, a discrete energy level is formed for the ferromagnetic 
layer 3, and an electrode for controlling the energy level is 
provided. The multiple tunnel junction is formed via a granular 
magnetic layer having ferromagnetic fine particles distributed in a 
dielectric matrix is formed, and the discrete energy level based on 
electrostatic energy in formed in the discrete energy level. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Even if as few as an one or more-layer ferromagnetic layer Between the electrode layer more than 
two-layer [ which one layer turns into from a ferromagnetic ], and said ferromagnetic layer and an electrode 
layer So that the multiplex tunnel junction more than a duplex may be formed It consists of the dielectric or 
semi-conductor by which laminating arrangement was carried out said ferromagnetic layer and an electrode 
layer, and by turns. The tunnel layer more than two-layer is provided. The spin dependence conduction 
component characterized by having an electrode for the discrete energy level being formed in said 
ferromagnetic layer, and controlling said energy level. 

[Claim 2] It has the ferromagnetic particle distributed in the dielectric matrix, and has coercive force. Between 
the granular magnetic layer of one or more layers, and said granular magnetic layers So that the multiplex 
tunnel junction more than a duplex may be formed contiguity arrangement was carried out with said granular 
magnetic layer — at least — One layer consists of ferromagnetics. The electrode layer more than two-layer is 
provided. The spin dependence conduction component characterized by having an electrode for the discrete 
energy level based on electrostatic energy being formed in said granular magnetic layer, and controlling said 
energy level. 

[Claim 3] In a spin dependence conduction component according to claim 1 or 2 Said multiplex tunnel junction 
is a spin dependence conduction component characterized by showing the spin dependence resonant tunnelling 
effect. 

[Claim 4] The spin dependence conduction component characterized by making the magneto-resistive effect 
based on said spin dependence resonant tunnelling effect discover by changing the direction of one spin in a 
spin dependence conduction component according to claim 3 among the electrode layers which consist of said 
ferromagnetic layer and said ferromagnetic. 

[Claim 5] The spin dependence conduction component characterized by making the magneto-resistive effect 
based on said spin dependence resonant tunnelling effect discover by changing the direction of one spin in a 
spin dependence conduction component according to claim 3 among the electrode layers which consist of said 
granular magnetic layer and said ferromagnetic. 

[Claim 6] In a spin dependence conduction component according to claim 1 or 3 Said multiplex tunnel junction 
is a spin dependence conduction component characterized by having a current amplification operation. 
[Claim 7] In a spin dependence conduction component according to claim 1 or 3 Spin dependence conduction 
component characterized by having 2 terminal component structure or 3 terminal component structure. 
[Claim 8] Electronic parts characterized by providing the spin dependence conduction component of claim 1 
thru/or claim 7 given in any 1 term. 

[Claim 9] Magnetic parts characterized by providing the spin dependence conduction component of claim 1 
thru/or claim 7 given in any 1 term. 

[Claim 10] The magnetic head characterized by providing the spin dependence conduction component of claim 
1 thru/or claim 7 given in any 1 term. 

[Claim 1 1] The magnetic storage component characterized by providing the spin dependence conduction 
component of claim 1 thru/or claim 7 given in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic parts and magnetic parts using the spin 
dependence conduction component and it which controlled from the outside the discrete energy level which 
started the magnetic cell using the tunnel effect of a ferromagnetic, and its application component, especially 
was formed into the ferromagnetic. 
[0002] 

[Description of the Prior Art] As a spin dependence conduction component, the giant magneto-resistance 
component (GMR component) is known until now. A magneto-resistive effect (MR) is the phenomenon in 
which electric resistance changes by adding a field to a certain kind of magnetic substance, and it is used for a 
field sensor, the magnetic head, etc. For example, it has the description that the magneto-resistive effect 
component (MR component) using a ferromagnetic is excellent in temperature stability, and its use range is 
wide. 

[0003] Before, thin films, such as a permalloy alloy, have been widely used for MR component using the 
magnetic substance. High density magnetic recording is attained by using this for the reproducing heads, such 
as a hard disk. However, magnetic-reluctance rate of change of a permalloy thin film About 2-3%, and since it 
was small, when it was going to attain the further high density record, there was a problem that sufficient 
sensibility was not obtained. 

[0004] It has the structure which, on the other hand, carried out the laminating of a magnetic metal layer and the 
non-magnetic metal layer by turns with the period of the dozens of A order from several angstroms as a new 
ingredient in which a magneto-resistive effect is shown in recent years, and the artificial grid film which the 
magnetic moment of the magnetic layer which faces through a non-magnetic layer combined magnetically in 
the anti-parallel condition attracts attention as an ingredient in which giant magneto-resistance is shown, for 
example, the Fe/Cr artificial grid film (Phys.Rev.Lett.61, 2472 (1988)) and the Co/Cu artificial grid film (J. 
Mag.Mag.Mater.94, LI (1991), Phys.Rev.Lett.66, 2152 (1991)) etc. - it is found out. 

[0005] Such metal artificial grid film is a number. Rather than the conventional permalloy alloy thin film of 
10%, it is markedly alike and big magnetic-reluctance rate of change is shown. Such giant magneto-resistance 
originates in dispersion of the electron which bears conduction being dependent on the sense of the spin of a 
magnetic layer. However, for such metal artificial grid film, a saturation field (field with which resistance is 
saturated) is [ the problem that it is necessary to make / many / the number of laminatings in order to acquire a 
big magneto-resistive effect, and ] several teslas (T). With the above, it is large and, the way things stand, has 
the problem of being unsuitable for application to the magnetic head etc. 

[0006] The so-called spin bulb film to which whenever [ two angular relation / of the magnetization direction of 
a ferromagnetic layer ] is changed is developed by having the cascade screen of the sandwich structure of a 
ferromagnetic layer / non-magnetic layer / ferromagnetic layer, exerting exchange bias on one ferromagnetic 
layer in order to make a saturation field small, fixing magnetization, and carrying out flux reversal of the 
ferromagnetic layer of another side by the external magnetic field. However, magnetic-reluctance rate of change 
the spin bulb film Since [ which is not not much large ] the specific resistance of a cascade screen itself is as 
small as several 1 0 microomegacm, in order to detect an external magnetic field with about 4 - 8%, it has the 
problem that it is necessary to pass a comparatively big current. 

[0007] Moreover, use of the so-called perpendicular magneto-resistive effect which passes a current 
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perpendicularly to a film surface to multilayers knows a very big magneto-resistive effect or being obtained 
(Phys.Rev.Lett.66, 3060 (1991)). However, if current pass is small in this case, and resistance is small since 
each class is a metal, and micro processing is not carried out to below submicron ones, there is a problem that 
the magneto-resistive effect in a room temperature cannot be measured. 

[0008] Furthermore, it is found out that the giant magneto-resistance based on the conduction which depended 
also for the so-called granular magnetic film on spin which distributed the magnetic ultrafine particle in the 
non-magnetic metal matrix is shown unlike artificial grid film which was described above (Phys.Rev.Lett.68, 
3745 (1992)). In the condition that such a granular magnetic film does not add a field, with the property of a 
magnetic ultrafine particle, the spin of each magnetic ultrafine particle turns to an irregular direction mutually, 
if it is high, and resistance adds a field and arranges each spin in the direction of a field, resistance will fall and, 
as a result, a ****** magneto-resistive effect will discover it to spin dependence dispersion. However, in order 
that the magnetic ultrafine particle in this case may show superparamagnetism, the saturation field has the 
problem of being essential very large. 

[0009] On the other hand, with spin dependence dispersion, the giant magneto-resistance based on the 
ferromagnetic tunnel effect which differs in a mechanism is found out. This is a ferromagnetic layer / insulating 
layer / ferromagnetic layer. It consists of a three-layer cascade screen, and in the structure where the coercive 
force of one ferromagnetic layer is smaller than the coercive force of the ferromagnetic layer of another side, an 
electrical potential difference is impressed between both ferromagnetism layers, and tunnel current is generated, 
if only the spin of the small magnetic layer of coercive force is reversed at this time — the time when the spin of 
two ferromagnetic layers is mutually parallel — anti- — since tunnel current differs greatly in the time [ **** ], 
giant magneto-resistance is obtained. 

[0010] Structure is easy and, moreover, such a ferromagnetic tunnel junction component is at a room 
temperature. There is the description that about 20% of big magnetic-reluctance rate of change is obtained. 
However, in order to make the tunnel effect discover, it is necessary to make insulating layer thickness thin with 
several nm or less, and since it is difficult, it being stabilized moreover in homogeneity and producing such a 
thin insulating layer to it has the problem that the variation in resistance or magnetic-reluctance rate of change 
will become large. Moreover, when resistance of an insulating layer was too high and it is made detailed in 
order to use this for the magnetic head etc., generally the high-speed operation of a component is not obtained, 
and a noise increases, and problems — the large component of a S/N ratio is not obtained — are predicted. 
[001 1] On the other hand, the magnetic storage component using the spin bulb film or a ferromagnetic tunnel 
junction is also known. In this case, one side is used as a recording layer between two magnetic layers, and 
another side is used as the read-out layer. Therefore, in any [ of record and playback ] case, it is necessary to 
reverse spin, and the current source for field impression for it is needed for it. 

[0012] Furthermore, the ferromagnetic was used. What is called 3 terminal component and the so-called spin 
transistor is known. This is the metal magnetic substance / metal non-magnetic material / metal magnetic 
substance. It has the three-tiered structure, if an electrical potential difference is impressed between the 1st 
metal magnetic substance and metal non-magnetic material — the time when the output voltage has [ that output 
voltage occurs between the 2nd metal magnetic substance and metal non-magnetic material ] the mutually 
parallel spin of the 1st and 2nd metal magnetic substance — anti — magnitude is the same at the time [ **** ], 
and a sign becomes reverse (J. Appl.Phys.79.4727 (1996)) However, since the whole of this spin transistor is 
made of the metal, output voltage is very as small as nanovolt extent, and it does not have the current 
amplification operation. 

[0013] Moreover, it is found out that a magneto-resistive effect increases according to the coulomb 
BUROKKEDO effectiveness recently (J. Phys.Soc.Jpn.66, 1261 (1997)). It has a small capacity. It sets to a 
double tunnel junction and is an electron. It is Ec, if energy increases and only Ec =e2 / 2 C of C are small, 
when one piece is made to tunnel. It becomes very large and is an electron. It cannot tunnel, also although it is 
called one piece. This is called coulomb BUROKKEDO. However, high order tunnel current flows also in the 
state of such coulomb BUROKKEDO, and this is called a common tunnel. In this condition, it is resistance. 
Since it is proportional to the product of two tunnel junction resistance, a magneto-resistive effect increases. 
[0014] From the former, the semiconductor device is known as a component using conduction of an electron or 
a hole, and it is used in very many fields, such as various electronic circuitries, memory devices, etc. However, 
a semiconductor device uses only electronic charge and electronic spin is not used. 
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[0015] Moreover, the component using the so-called resonant tunnelling effect which a discrete energy level is 
formed in a metal layer or a semi-conductor layer, and carries out tunnel conduction via the energy level in the 
cascade screen which consists of a terrorism epitaxial layer to a metal layer, a dielectric layer, or different one 
of a semi-conductor is also known. However, these components also use only electronic charge and electronic 
spin is not used. 
[0016] 

[Problem(s) to be Solved by the Invention] As mentioned above, each of semiconductor devices using old 
electronic conduction and resonant tunnelling effect components uses only electronic charge, and electronic 
spin is not used. 

[0017] On the other hand, as a conduction component using electronic spin, the spin bulb component which 
shows giant magneto-resistance, the magnetometric sensor using it, the magnetic head, the magnetic storage 
component, the magnetic head, a magnetic storage component using a ferromagnetic tunnel junction, etc. are 
known. Magnetic-reluctance rate of change these Less than 10% and since it is small, a limitation is in playback 
sensibility, and it has the problem that output voltage is small. Especially, in any [ of record and playback ] 
case, it is necessary to reverse spin, and there is complicatedness that the current source for the field impression 
for it is needed, with a magnetic storage component. 

[0018] Moreover, the metal magnetic substance / metal non-magnetic material / metal magnetic substance The 
former which has a three-tiered structure Output voltage is extremely small, and utilization is difficult and, as 
for 3 terminal component (spin transistor component), it does not have a current amplification operation, either. 
[0019] The conventional electronic conduction component is using the discrete energy level which offers the 
electronic conduction component using the spin of a completely different electron, and was moreover formed 
into the magnetic substance, and this invention aims at offering the spin dependence conduction component 
which gave the magnification function, when very big magnetic-reluctance rate of change is obtained at a room 
temperature and controls the discrete energy level by the electrical potential difference further. Furthermore, it 
aims at offering the electronic parts and magnetic parts using such a spin dependence conduction component. 
[0020] 

[Means for Solving the Problem] this invention persons found out that magnetic reluctance was sharply 
controllable by controlling tunnel current, as a result of advancing research on the magnetic cell which passes 
tunnel current between the granular magnetic layer which distributed the ferromagnetic particle in the dielectric 
matrix, and the ferromagnetic layer by which contiguity arrangement was carried out at this granular magnetic 
layer. Furthermore, it verified that this was what makes the spin dependence resonant tunnelling effect the 
origin. This invention is based on such knowledge and a verification result. 

[0021] The above-mentioned spin dependence resonant tunnelling effect, It is based on the multiplex tunnel 
junction more than a duplex. Therefore, when a granular magnetic layer is used, the same effectiveness is 
acquired also in the multiplex tunnel junction which consists of the ferromagnetic layer, the dielectric layer or 
the ferromagnetic layer, and semi-conductor layer of an except. In order for the spin dependence resonant 
tunnelling effect to be discovered, a discrete energy level must be formed in at least one of the ferromagnetics in 
a multiplex tunnel junction. 

[0022] This invention offers the spin dependence conduction component which prepared the electrode which 
controls by foreign voltage discrete energy semi- ** produced in the ferromagnetic layer (or granular magnetic 
layer), and the application components and application equipment using it based on new knowledge which was 
described above. 

[0023] Namely, the 1st spin dependence conduction component in this invention as [ indicated / to claim 1 ] — 
an one or more-layer ferromagnetic layer — at least — One layer consists of ferromagnetics. Between the 
electrode layer more than two-layer, and said ferromagnetic layer and an electrode layer So that the multiplex 
tunnel junction more than a duplex may be formed It consists of the dielectric or semi-conductor by which 
laminating arrangement was carried out said ferromagnetic layer and an electrode layer, and by turns. It is 
characterized by having an electrode for providing the tunnel layer more than two-layer, and the discrete energy 
level being formed in said ferromagnetic layer, and controlling said energy level. 

[0024] The 2nd spin dependence conduction component in this invention As indicated to claim 2, it has the 
ferromagnetic particle distributed in the dielectric matrix, and has coercive force. The granular magnetic layer 
of one or more layers, Between said granular magnetic layers So that the multiplex tunnel junction more than a 
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duplex may be formed contiguity arrangement was carried out with said granular magnetic layer — at least — 
One layer consists of ferromagnetics. The electrode layer more than two-layer is provided. It is characterized by 
having an electrode for the discrete energy level based on electrostatic energy being formed in said granular 
magnetic layer, and controlling said energy level. 

[0025] As the spin dependence conduction component of this invention was indicated to claim 3, said multiplex 
tunnel junction is characterized by showing the spin dependence resonant tunnelling effect. Furthermore, the 
magneto-resistive effect based on the spin dependence resonant tunnelling effect is made to discover by 
changing the direction of one spin among the electrode layers which consist of said ferromagnetic layer (or 
granular magnetic layer) and said ferromagnetic, as indicated to claim 4 and claim 5. Furthermore, the spin 
dependence conduction component of this invention can also be made into which structure of 2 terminal 
component structure and 3 terminal component structure as indicated to claim 7. 

[0026] Moreover, the electronic parts and magnetic parts of this invention are characterized by providing this 
invention spin dependence conduction component mentioned above, as indicated to claim 8 and claim 9. 
Similarly, the magnetic head and the magnetic storage component of this invention are characterized by 
providing this invention spin dependence conduction component mentioned above, as indicated to claim 10 and 
claim 1 1 . 
[0027] 

[Embodiment of the Invention] Hereafter, the gestalt for carrying out this invention is explained. 
[0028] First, the spin dependence resonant tunnelling effect which is to the basic configuration of the spin 
dependence conduction component of this invention and the base of this invention is explained. In addition, 
since it is easy below The case where a dielectric is moreover used about a double tunnel junction is shown. It 
can consider easily that this result can be extended when a multiplex tunnel junction and a semi-conductor are 
used. Drawing 1 R> 1 (a) is drawing showing the basic configuration of the 1st spin dependence conduction 
component of this invention. The spin dependence conduction component shown in drawing 1 (a) has the 
cascade screen which consists of the 1 st ferromagnetic layer 1 / dielectric layer 2 / the 2nd ferromagnetic layer 
3 / dielectric layer 4 / the 3rd ferromagnetic layer 5. dielectric layers 2 and 4 are minded in this cascade screen - 
- the double tunnel junction is formed between the three-layer ferromagnetic layers 1 and 3 and 5. 
[0029] The 1st and 3rd ferromagnetic layers 1 and 5 are electrode layers among the three-layer ferromagnetic 
layers 1,3, and 5. In addition, the electrode layer (5) which is equivalent to the outlet side of tunnel current may 
consist of not only a ferromagnetic but non-magnetic metal etc. so that it may mention later, moreover, the 2nd 
ferromagnetic layer 3 — two thin dielectric layers 2 and 4 — namely, ~ It is inserted by two tunnel layers, and it 
is constituted so that tunnel current may flow between the 1st ferromagnetic layer 1 and the 3rd ferromagnetic 
layer 5 through each dielectric layers 2 and 4, respectively. In addition, six in drawing is an electrode. 
[0030] In such structure, when the 2nd ferromagnetic layer 3 is thin enough, as shown in drawing 1 (b), the 
discrete energy level for which it depended on spin according to the quantum effectiveness at the 2nd 
ferromagnetic layer 3 is formed. That is, the discrete energy level of the 2nd ferromagnetic layer 3 is carrying 
out spin fission for the exchange interaction, and, only in the part of exchange energy gamma, energy differs 
with upward spin (**) and downward spin (**). 

[0031] As shown in drawing 1 (a), while impressing an electrical potential difference between the 1st 
ferromagnetic layer 1 and the 2nd ferromagnetic layer 3 now, the electrical potential difference of a reverse sign 
is impressed between the 2nd ferromagnetic layer 3 and the 3rd ferromagnetic layer 5. Then, tunnel current 
flows between the 1 st ferromagnetic layer 1 and the 2nd ferromagnetic layer 3 through the thin dielectric layer 
(tunnel layer) 2. and the time of the electrical potential difference V applied to the 1st ferromagnetic layer 1 and 
the 3rd ferromagnetic layer 5 being a suitable value — inside of the discrete energy level of the upward spin in 
the 2nd ferromagnetic layer 3 (**), or downward spin (**) One ( drawing 1 (b) ** spin) is set to the same level 
(resonance state) as the energy of the conduction electron of the 1 st ferromagnetic layer 1 . 
[0032] If it does so, tunnel conduction of the conduction electron in the 1 st ferromagnetic layer 1 with the spin 
of a discrete energy level and the spin of the same direction in a resonance state can be carried out from the 1 st 
ferromagnetic layer 1 to the 3rd ferromagnetic layer 5 with 100% of permeability, without being reflected by 
dielectric layers 2 and 4. Tunnel conduction of the conduction electron which, on the other hand, has spin 
opposite to it cannot be carried out. This is the spin dependence resonant tunnelling effect. 
[0033] In a ferromagnetic, only the electron near the Fermi level contributes to conduction, and, moreover, the 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/30/2005 



JP,11-238924,A [DETAILED DESCRIPTION] 



Page 5 of 10 



number of the conduction electron changes with spin, therefore, the time when magnetization of the 1 st 
ferromagnetic layer 1 and the 2nd ferromagnetic layer 3 is mutually parallel ~ anti — pass resonance level in 
the time [****] — the number of the electrons to tunnel differs. So, if magnetization of the 2nd ferromagnetic 
layer 3 is fixed, for example and magnetization of the 1 st ferromagnetic layer 1 is reversed, since tunnel current 
differs greatly in both, the very big magneto-resistive effect based on the spin dependence resonant tunnelling 
effect is acquired. The electrode layer which consists of the 3rd ferromagnetic layer 5 can use the electrode 
layer which consists not only of a ferromagnetic but of non-magnetic metal etc. that what is necessary is just 
that to which tunnel current may flow. 

[0034] Drawing 1 is equivalent to the transistor which used the semi-conductor, and the base and the 3rd 
ferromagnetic layer (or nonmagnetic electrode layer) 5 correspond [ the 1 st ferromagnetic layer 1 / an emitter 
and the 2nd ferromagnetic layer 3 ] to a collector. That is, if an electrical potential difference VEB is impressed 
to an emitter (1) and the base (3), it is base current IB. If it flows and reverse voltage VCB is impressed to the 
base (3) and a collector (5), it is collector current IC. It flows. Collector current IC Base current IB It becomes 
large and a current amplification operation is shown. 

[0035] Although the spin of the 2nd ferromagnetic layer 3 explained parallel and the case of anti -parallel to the 
spin of the 1st ferromagnetic layer 1 until now, when an include angle theta is generally made Since the tunnel 
current proportional to costheta is acquired, theta is [ whenever / angular relation / of spin ] detectable with a 
current value. Thus, by controlling bias voltage VCB, the sense of spin can be determined and a current 
amplification operation can be acquired. By these functions, the spin dependence conduction component of this 
invention can be called spin transistor in true semantics. 

[0036] The 1st spin dependence conduction component of this invention can also be considered as the 
configuration which prepared the electrode for impressing bias voltage to the 2nd ferromagnetic layer 3 like the 
field effect transistor (FET) in a semiconductor device. Drawing 2 shows an example of such a configuration. 
The electrode 7 for impressing bias voltage is formed in the 2nd ferromagnetic layer 3. In such a configuration, 
an electrical potential difference is impressed between the 1st ferromagnetic layer (1st electrode layer) 1 and the 
3rd ferromagnetic layer (you may be the 2nd electrode layer / non-magnetic layer). Tunnel current A sink, A 
spin dependence resonance state can be produced by impressing bias voltage to the 2nd ferromagnetic layer 3 
from an electrode 7, and controlling the discrete energy level of the 2nd ferromagnetic layer 3 (shift). 
[0037] Furthermore, ferromagnetic layer which forms a discrete energy level in the 1st spin dependence 
conduction component of this invention ( drawing 1 2nd ferromagnetic layer 3) It is not what is restricted to one 
layer, for example, as shown in drawing 3 , while making the middle ferromagnetic layer 3 into multilayer 
structure (3a, 3b, — 3n), laminating arrangement of each [ these ] ferromagnetic layers 3a and 3b and the — 3n is 
carried out a dielectric layer 9 and by turns — it can also consider as the configuration which has three- fold or 
more multiplex tunnel junction. Therefore also in such a configuration, a spin dependence resonance state can 
be produced with controlling the discrete energy level of the middle ferromagnetic layer 3. 
[0038] It is not that to which especially the component of the ferromagnetic layers 1,3, and 5 is limited in the 
spin dependence conduction component shown in drawing 1 -3. Fe, Co which show the Fe-nickel alloy 
represented by the permalloy and ferromagnetism, Half metal, such as a Heusler alloy like the alloy containing 
nickel and them, NiMnSb, and PtMnSb, Various ferromagnetic ingredients can be used from various soft 
magnetic materials, such as half metal of oxide systems, such as Cr02, magnetite, and Mn perovskite, and an 
amorphous alloy, to hard magnetic materials, such as a Co-Pt alloy, a Fe-Pt alloy, and a transition-metals-**** 
alloy. 

[0039] Moreover, in order to change only the direction of the spin of the 1st ferromagnetic layer 1 among the 
1st and 2nd ferromagnetic layers 1 and 3, the difference of the coercive force of a ferromagnetic may be used, 
and laminating arrangement of the antiferromagnetism film is carried out, and you may make it fix 
magnetization of a ferromagnetic layer by switched connection. On thickness and a concrete target in which the 
discrete energy level for which it depended on spin according to the quantum effectiveness as the thickness of 
the 2nd ferromagnetic layer 3 was mentioned above is formed It considers as 5nm or less extent, that to which 
especially the thickness of the 1 st and 3rd ferromagnetic layers 1 and 5 is limited — it is not — for example, — It 
is desirable to be referred to as about 0.1 -100mm. 

[0040] Furthermore, although the operation gestalt mentioned above explained the case where dielectric layers 
2 and 4 were used as a tunnel layer, even if it replaces with these dielectric layers 2 and 4 and uses a semi- 
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conductor layer as a tunnel layer, the same spin dependence conduction component can be constituted, and 
same operation and effectiveness are acquired. Especially the dielectric and semi-conductor that are used as a 
tunnel layer are not limited, and can use various dielectric materials and semiconductor materials. Moreover, 
thickness of a tunnel layer It is desirable to be referred to as about 0.5-5nm. 

[0041] At the operation gestalt mentioned above, they are a ferromagnetic and a dielectric (or semi-conductor). 
Although the spin dependence conduction component which has a multiplex tunnel junction more than a duplex 
was explained, when the granular magnetic layer which distributed the ferromagnetic particle is used into a 
nonmagnetic dielectric matrix, the same spin dependence resonant tunnelling effect can be obtained at a room 
temperature. This is the 2nd spin dependence conduction component of this invention. 
[0042] That is, the spin dependence conduction component shown in drawing 4 (a) has the cascade screen 
which consists of the 2nd electrode layer 13 which consists of the 1st electrode layer 11/ granular magnetic 
layer 12 / non-magnetic material which consists of a ferromagnetic. In this cascade screen, the granular 
magnetic layer 12 is a ferromagnetic which the ferromagnetic particle 15 is distributed, and this granular 
magnetic layer 12 does not show superparamagnetism, but has the coercive force of finite in the dielectric 
matrix 14. This granular magnetic layer 12 is pinched and contiguity arrangement of the 1st electrode layer 1 1 
and the 2nd electrode layer 13 is carried out, and it is constituted so that tunnel current may flow, respectively 
between the 1st electrode layer 1 1, the granular magnetic layer 12 and the granular magnetic layer 12, and the 
2nd electrode layer 13. That is, it is between the granular magnetic layer 12 and the electrode layers 1 1 and 13. 
The double tunnel junction is formed. 

[0043] In addition, the 2nd electrode layer 13 may consist of not only non-magnetic material but 
ferromagnetics. Namely, what is necessary is for the 1st electrode layer 1 1 just to consist of ferromagnetics at 
least among the 1st and 2nd electrode layers 1 1 and 13. Moreover, the insulator layer of the thickness which is 
extent to which tunnel current flows may be made to intervene not only among the electrode layers 1 1 and 13 
and the granular magnetic layer 12 carrying out direct laminating arrangement but among them. 
[0044] In such structure, it lets the electrode 16 prepared in the granular magnetic layer 12 pass, and an 
electrical potential difference VEB is impressed between the 1st electrode layer (ferromagnetic) 1 1 and the 
granular magnetic layer 12. And the electrical potential difference VCB of a reverse sign is impressed between 
the granular magnetic layer 12 and the 2nd electrode layer (non-magnetic material) 13. Here, the magnitude of 
the ferromagnetic particle 15 in the granular magnetic layer 12 is fully small, and since the dielectric matrix 14 
surrounds the perimeter, the coulomb BUROKKEDO effectiveness quantizes, as shown in drawing 4 (b) for 
electrostatic energy Ec =e2 / 2C (e is electronic charge and C is the capacity of a particle), and the energy level 
of the ferromagnetic particle 1 5 becomes discrete according to it. 

[0045] Therefore, impression of bias voltage VCB of a suitable value forms resonance tunnel level between a 
granular magnetic layer and the 1st electrode layer (ferromagnetic layer) 1 1 like the 1st operation gestalt 
mentioned above. And if magnetic reluctance is small and separates from resonance when it is in a resonance 
state, a big magneto-resistive effect will be acquired according to the coulomb BUROKKEDO effectiveness. 
Therefore, if it controls to remove the electrostatic energy level of a magnetic particle from a resonance state 
with an electrode 1 6, for example, magnetization of the granular magnetic layer 1 2 is fixed and magnetization 
of the ferromagnetic layer 1 1 is reversed, since tunnel current differs greatly in both, a very big magneto- 
resistive effect is acquired. 

[0046] On the other hand, if it controls by the electrode 16 according to a resonance state for the electrostatic 
energy level of a magnetic particle, the coulomb BUROKKEDO effectiveness will disappear and a magneto- 
resistive effect will decrease. Thus, the new function in which a magneto-resistive effect is controllable by 
controlling the electrical potential difference applied to an electrode 16 can be given. 

[0047] Also in the 2nd spin dependence conduction component, whenever [ angular relation / of the spin of the 
ferromagnetic layer 1 1 and the granular magnetic layer 12 ] is detectable like the 1st spin dependence 
conduction component mentioned above. Moreover, as shown in drawing 5 , it can also consider as the structure 
which formed the electrode 17 for impressing bias voltage to the granular magnetic layer 12 formed on the 
substrate 18 which has an insulating layer 19 in the front face. That is, a resonance state can be produced by 
impressing an electrical potential difference between the 1st electrode layer 1 1 and the 2nd electrode layer 13, 
impressing bias voltage to the granular magnetic layer 12 for tunnel current from a sink and an electrode 17, and 
controlling the discrete energy level in the granular magnetic layer 12. Under the present circumstances, the 
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granular magnetic layer 12 may form the quantum dot by the single ferromagnetic particle, as shown in drawing 
6 . The same is said of the component shown in drawing 4 . 

[0048] Furthermore, in the 2nd spin dependence conduction component of this invention, it is also possible to 
apply the cascade screen which a granular magnetic layer is not restricted to one layer, and carried out the 
multilayer laminating of a granular magnetic layer and the ferromagnetic layer further. Therefore also in such a 
configuration, a spin dependence resonance state can be produced with controlling the discrete energy level of a 
granular magnetic layer 

[0049] In the spin dependence conduction component shown in drawing 4 - drawing 6 , the granular magnetic 
layer 12 does not show superparamagnetism, and since it is a ferromagnetic which has the coercive force of 
finite, it does not have the problem that a saturation field like the conventional granular GMR ingredient is 
large. Moreover, since the granular magnetic layer 12 is distributing the magnetic particle 15 in the dielectric 
matrix 14, compared with a ferromagnetic tunnel junction with a dielectric layer, its electric resistance is small, 
and it has the description that electric resistance is controllable to a suitable value, by controlling the die length 
of the current pass direction (the direction of thickness, or film surface inboard) of the granular magnetic layer 
12, the rate of volume filling of the magnetic particle 15, magnitude, a distributed condition, etc. further. For 
this reason, according to application, the electric resistance of a spin dependence conduction component can be 
adjusted easily. 

[0050] The granular magnetic layer 12 needs to have not a superparamagnetism object but the coercive force of 
finite, as mentioned above. Since coercive force generally becomes quite small in the granular magnetic 
material which distributed the magnetic particle compared with bulk into a dielectric matrix, in order to prevent 
it, it is desirable to use Co especially with a large magnetic anisotropy, a Co-Pt alloy, a Fe-Pt alloy, transition- 
metals 1 rare earth alloy, etc. for the magnetic particle 15. Moreover, as for the semantics which makes a tunnel 
obstruction regularity to these magnetic particles 15, having arranged in the shape of a layer is desirable. These 
You may make it arrange more than two-layer. 

[0051] Moreover, when coercive force uses the granular magnetic material which is not not much large, 
contiguity arrangement of the hard magnetism film of a pair may be carried out to the both ends of a granular 
magnetic layer, and spin may be fixed by impressing a bias field from this hard magnetism film. As bias field 
impression film, not only the hard magnetism film but antiferromagnetism film, such as FeMn and IrMn, can 
also be used. 

[0052] On the magnitude of extent from which the particle size of the magnetic particle 1 5 in the granular 
magnetic layer 12 does not become superparamagnetism, and a concrete target It is desirable to be referred to as 
lnm or more. However, since grain child spacing with the magnetic, not much large particle 15 increases, as for 
the particle size of the magnetic particle 7, it is desirable to consider as lOnm or less extent. As for spacing of 
the magnetic particle 15, tunnel current should flow among them. It is desirable to consider as 5nm or less 
extent. 

[0053] moreover - as the dielectric matrix 14 - aluminum 203, Si02, MgO, mugF2, Bi 203, A1N, and CaF2 
etc. — various dielectric materials can be used and the granular magnetic layer 12 is obtained by distributing the 
magnetic particle 1 5 which was described above in such a dielectric film. In addition, although the deficit of 
each element generally exists by the above-mentioned oxide film, the nitride, and the fluoride film, even if it is 
such a dielectric film, it is satisfactory in any way. 

[0054] On the other hand, that what is necessary is just to have size relation in coercive force between the 
granular magnetic layers 12 as a ferromagnetic layer 1 1 For example, the Fe-nickel alloy represented by the 
permalloy, Fe which shows ferromagnetism, Half metal, such as a Heusler alloy like the alloy containing Co, 
nickel, and them, NiMnSb, and PtMnSb, Various ferromagnetic ingredients can be used from various soft 
magnetic materials, such as half metal of oxide systems, such as Cr02, magnetite, and Mn perovskite, and an 
amorphous alloy, to hard magnetic materials, such as a Co-Pt alloy, a Fe-Pt alloy, and a transition-metals-**** 
alloy. 

[0055] For example, since an energy gap exists in one spin band, half metal contributes only an electron with 
the spin of an one direction to conduction. Therefore, a bigger magneto-resistive effect can be acquired by using 
such an ingredient as a ferromagnetic layer 1 1 . In addition, when using a ferromagnetic for the 2nd electrode 
layer 13, it is not necessary to be the not necessarily same ingredient as the 1 st electrode layer (ferromagnetic) 
1 1 , and there should just be a difference between the granular magnetic layer 12 and coercive force. 
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[0056] The ferromagnetic layer 1 1 has been arranged not only through monolayer structure but through a non- 
magnetic layer. You may be the cascade screen which it has [ cascade screen ] two ferromagnetic layers, and 
combined magnetization of these ferromagnetism layer so that it might become anti-parallel mutually. 
According to the cascade screen combined with such anti-parallel, it can prevent magnetic flux leaking outside 
from a ferromagnetic layer, and it can be called desirable gestalt. What is necessary is to carry out the 
laminating of a ferromagnetic layer and the non-magnetic layer by turns, and just to use switched connection 
and magnetostatic association, in order to obtain the ferromagnetic layer combined with such anti-parallel. 
[0057] Furthermore, the cascade screen which carried out the laminating of a ferromagnetic layer and the semi- 
conductor layer by turns can also be used as a ferromagnetic layer 1 1 . In this case, since spin can be reversed by 
heat or optical exposure, there is the description that a field becomes unnecessary. That is, it records, for 
example with light or heat, and new memory read by impressing bias voltage can be realized. As a semi- 
conductor used for such a cascade screen, the FeSi alloy of B20 structure, beta-FeSi 2, GaAs, etc. can be used. 
[0058] As for the granular magnetic layer 12 and the ferromagnetic layer 1 1, it is desirable to have uniaxial 
magnetic anisotropy in a film surface, respectively. By this, while being able to start steep flux reversal, it is 
stabilized and a magnetization condition can be held. Especially these are effective when applying to a magnetic 
storage component. Moreover, thickness of the granular magnetic layer 12 and the ferromagnetic layer 11 It is 
desirable to consider as the range of 0.5 to 100 nm. Among these, although the thinner possible one of the 
thickness of the granular magnetic layer 12 is desirable, what is necessary is just 50nm or less that what is 
necessary is just the thickness which can maintain uniform thickness on production and does not do a bad 
influence to tunnel current. 

[0059] It sets in each operation gestalt mentioned above, and they are the 1st [ of this invention ], and 2nd spin 
dependence conduction components. Although the case where it used as a 3 terminal component was mainly 
explained, it is the spin dependence conduction component of this invention. It can also consider as 2 terminal 
component. For example, in the spin dependence conduction component shown in the spin dependence 
conduction component shown in drawing 1 - drawing 3 and drawing 4 - drawing 5 , if an electrical potential 
difference is impressed between the 1st and 2nd electrode layers (between ferromagnetic layers or between a 
ferromagnetic layer and a non-magnetic layer) and a current in the meantime is measured, when applied voltage 
is a suitable value, a spin dependence resonance state can be produced, thus, the spin dependence conduction 
component of this invention — 2 terminal component structure — and — It is applicable to all of 3 terminal 
component structure. 

[0060] As explained above, the spin dependence conduction component of this invention has a current 
amplification operation, and its bias voltage is very small compared with a semi-conductor transistor, therefore 
can save the power of it. Moreover, since the metal is used fundamentally, there is many conduction electron 
overwhelmingly compared with a semi-conductor. Therefore, since there are many carriers even if component 
size makes it detailed, it has the description of being satisfactory. Since the spin dependence conduction 
component of this invention has the same function as the transistor not only using the magnetic parts using 
magneto-resistive effects, such as the magneto-resistive effect mold magnetic head, a field sensor, and a 
magnetic storage component, and electronic parts but a semi-conductor, it can be applied to electronic parts and 
the electronic instrument of the versatility for which the semi-conductor has been used. Moreover, it is also 
possible to use it combining the conventional semiconductor devices, such as a semi-conductor transistor. 
[0061] next, refer to drawing 7 and drawing 8 about the concrete component structure of the spin dependence 
conduction electron of this invention — 3 terminal component is explained as an example. In addition, although 
drawing 7 and drawing 8 showed the spin dependence conduction component which used the granular magnetic 
layer, the spin dependence conduction component by which a discrete energy level is formed in a ferromagnetic 
layer can also be made into the same component structure. 

[0062] First, it is shown in drawing 7 . As for the spin dependence conduction electron of 3 terminal structures, 
the laminating of a conductor layer 22, the ferromagnetic layer 23 (23a, 23b), the granular magnetic layer 24, 
and the metal layer 25 is carried out to order on the substrate 21 . That is, it has the structure where the granular 
magnetic layer 24 was pinched with ferromagnetic layer 23a and the gate electrode 25. 

[0063] Here, ferromagnetic layer 23b does not need to impress a bias field to ferromagnetic layer 23a, does not 
need to give the function which makes the coercive force small, and does not need to form it especially. By 
changing the sense of the current passed to it, a conductor layer 22 has the role which controls the sense of the 
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spin of the ferromagnetic layer 23. In the granular magnetic layer 24 Bias voltage is impressed with two 
electrodes 26 and 27. In addition, it is the insulator layer to which 28 in drawing served as the insulator layer, 
and 29 served as the protective coat. In addition, on the other hand, an electrode 26, 26' and an electrode 27, and 
27' may be chisels, respectively. 

[0064] The magnetic particle in the granular magnetic layer 24 has small size, therefore the discrete energy 
level based on electrostatic energy is formed of the coulomb BUROKKEDO effectiveness. In such structure, if 
an electrical potential difference is impressed between an electrode 27 and an electrode 26 (or between 
electrode 27 f and electrode 26'), tunnel current will flow, and — if bias voltage is impressed to the gate electrode 
25 — the electrostatic energy level of the granular magnetic layer 24 » control ****-- things are made. 
[0065] Under the present circumstances, if bias voltage is controlled to a suitable value, as mentioned above, the 
discrete energy level formed in the granular magnetic layer 24 shifts, and it can set up so that it may differ from 
the energy of the conduction electron of the ferromagnetic layer 23. And a big magneto-resistive effect is 
acquired by reversing the spin of the ferromagnetic layer 23. On the other hand, if a discrete energy level is 
controlled on the energy and this level of a missions electron of the ferromagnetic layer 23, the resonant 
tunnelling effect will arise and magnetic reluctance will decrease greatly at this time. That is, the sense of spin 
can be judged from the magnitude of tunnel current only by impressing bias voltage, without impressing an 
external magnetic field. 

[0066] Although drawing 7 is the component structure which carried out the laminating of a ferromagnetic layer 
and the granular magnetic layer perpendicularly to the substrate side, as shown in drawing 8 , it is also possible 
to consider as the structure where pinched the granular magnetic layer 24 with the electrode (30a, 30b) with 
which at least one side consists of a ferromagnetic, and they have been arranged to a substrate side at the Purana 
mold. In this case, an insulating layer 3 1 is formed in substrate 21 front face, and the granular magnetic layer 24 
is formed through this insulating layer 31. On this granular magnetic layer 24, an electrode 33 is formed 
through the thin insulating layer 32, and bias voltage is impressed between an electrode 33 and a substrate 21. 
This is equivalent to FET as used in the field of a semi-conductor transistor. 

[0067] Also in component structure as shown in drawing 8 , if suitable bias voltage is impressed, the discrete 
energy level formed in the granular magnetic layer 24 will shift, and as mentioned above, when it differs from 
the energy of the conduction electron of a ferromagnetic layer (30a), the tunnel current for which it depended on 
spin greatly flows. And a big magneto-resistive effect is acquired by reversing spin with the smaller coercive 
force among ferromagnetic layer 30a and the granular magnetic layer 24. In addition, in drawing 8 , a current is 
passed to a conductor 34 and it has the structure of reversing the spin of ferromagnetic layer 30a. 35 in drawing 
is an insulating layer. That is, the sense of spin can be judged from the magnitude of tunnel current only by 
impressing bias voltage to an electrode 33, without impressing an external magnetic field. 
[0068] Like the conventional magneto-resistive effect component, the judgment of the sense of the spin by the 
component mentioned above can be used as the magnetic head or a magnetometric sensor, and is further 
applicable to storage information (spin information) read-out of a magnetic storage component. Moreover, 
although it is necessary to write in a ferromagnetic layer (or granular magnetic film) to use the spin dependence 
conduction component of this invention for a magnetic storage component, it makes a conductor approach 
through an insulating layer to a ferromagnetic layer (or granular magnetic layer), controls the sense of spin by 
the sense of the current passed to it, and should just set it to 1 and 0. Thus, the magnetic parts of this invention 
are constituted. Moreover, the various electronic parts with which the semi-conductor has been used 
conventionally can be similarly constituted using the spin dependence conduction component of this invention. 
[0069] In addition, with the spin dependence conduction component of this invention, the substrate layer which 
consists of a magnetic material or a non-magnetic material, or OBAKO **** of non-magnetic material may be 
prepared, moreover, the spin dependence conduction component of this invention — typical — the shape of a 
thin film — it is - molecular beam epitaxy (MBE) — it is producible using the usual thin film deposition 
systems, such as law, various spatters, and vacuum deposition. Furthermore, as a substrate for forming the 
cascade screen concerning this invention, a single crystal object, the polycrystalline substance, etc., such as 
glass, ceramics, a metal, and a semi-conductor, can use the thing of arbitration. If Si substrate is used especially, 
the conventional semiconductor technology can be used, such as being easy to form a gate electrode, for 
example. 
[0070] 
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[Example] Next, the concrete example and its evaluation result of this invention are explained. 
[007 1 ] Structure shown in example 1 drawing 7 3 terminal component (spin transistor) was produced. The thin 
film formed membranes using the spatter altogether. First, on the thermal oxidation Si substrate 21, Cu film was 
formed as a conductor layer 22, and Fe of 20nm thickness and Co80Pt20 of lOnm thickness were succeedingly 
formed as ferromagnetic layer 23b and 23a film, respectively. Next, the granular magnetic layer 24 of lOnm of 
thickness was formed on this ferromagnetic layer 23, further, as an electrode 27 and 27', as Au film, the alumina 
insulator layer 28, an electrode 26, and 26\ the Co9 Fe alloy film was formed as Au film and a gate electrode 
25, and the alumina insulator layer was formed as a protective coat 29, respectively. In addition, the component 
structure shown in drawing 7 was produced using the lift-off method. 

[0072] a granular magnetic layer Co80Pt20 alloy and Si02 a target — carrying out — the bottom of Ar gas 
pressure 2mTorr and the conditions of substrate bias 400W — Co80 — Pt20 and Si02 The coincidence spatter 
was carried out and it produced. The obtained film is Si02. A Co80Pt20 alloy particle is abbreviation to inside. 
It checked having 50% of granular structure which came out of comparatively and which was distributed in 
layers by transmission electron microscope observation of a film cross section. The particle size of a Co80Pt20 
alloy particle is abbreviation. 5nm and the distance between particles are abbreviation. It was l.Snm. Moreover, 
it is coercive force as a result of performing magnetization measurement using a sample oscillatory type 
magnetometer. 600Oe Greatly, the clear hysteresis was acquired and superparamagnetism-behavior was not 
observed. 

[0073] Thus, it produced. It is the following, and 3 terminal component (spin transistor) was made and 
evaluated. First, two electrodes 26 and the current Ic which impresses an electrical potential difference among 
27 and flows the granular magnetic layer 24 It measures and is bias voltage VG to the gate electrode 25 in 
coincidence. Current IC which impresses, tunnels the granular magnetic layer 24 and flows in the metal layer 
(magnetic film) 25 It measured as a function of bias voltage. Moreover, the sense of the spin of the 
ferromagnetic layer 23 was changed by changing a sink and its sense into a conductor layer 22 for a current in 
that case. 

[0074] To drawing 9 , it is VG. Receiving IC Change is shown. In addition, the spin of the ferromagnetic layer 
23 and the granular magnetic layer 24 is mutually parallel here. VG ** — the time of reaching a suitable value — 
IC It is increasing rapidly and it is shown that resonance tunnel current flowed. 

[0075] Drawing 10 is IC by the external magnetic field in VG = 0. Change is expressed as resistance change. 
Resistance changes with external magnetic fields a lot, and it is the rate of change, i.e., magnetic-reluctance 
rate-of-change (ratio of resistance change to the resistance under saturation magnetic field) **R/Rs. It turns out 
[ 45% and ] that it is very large. On the other hand, it is the magnetic-reluctance rate of change at the time of 
VG =1 lmV. It was 15%. This shows that magnetic reluctance is controllable by gate voltage while showing that 
the spin dependence conduction component of this invention is applicable to the magnetic head, a 
magnetometric sensor, a magnetic storage component, etc. 
[0076] 

[Effect of the Invention] As explained above, according to the spin dependence conduction component of this 
invention, electric resistance can be controlled in the large range, and large magnetic-reluctance rate of change 
can be obtained easily in a small magnetic field. Therefore, it becomes possible by using the spin dependence 
conduction component of this invention to constitute the magnetic head, a field sensor, etc. of high sensitivity 
with large output voltage. Moreover, if it uses as a magnetic storage component, storage information can be 
read, without impressing an external magnetic field, and the solid-state MAG memory of a non- volatile with a 
large output can be offered at high speed. Furthermore, the spin dependence conduction component of this 
invention is applicable to various electronic parts and electronic instruments using the conventional semi- 
conductor from having a current amplification function. 
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j Abstract 


PROBLEM TO BE SOLVED: To provide a spin-dependent transmission element, which is capable of 
obtaining an extremely large magnetic resistance change rate at a room temperature and which has an 
amplification function. 

SOLUTION: A ferromagnetic layer 3 mode of more than one layer, electrode layers 1 and 5 mode of 
more than two layers, where at least one layer is constituted of a ferromagnetic body and dielectric 
layers (tunnel layers) 2 and 4 which are stacked and arranged between the ferromagnetic layer 3 and 
the electrode layers 1 and 5, and the multiple tunnel junctions of more than double junctions are 
provided. In a spin-dipendent transmission element, a discrete energy level is formed for the 
ferromagnetic layer 3, and an electrode for controlling the energy level is provided. The multiple tunnel 




junction is formed via a granular magnetic layer having ferromagnetic fine panicles distnbuted in a 
dielectric matrix is formed, and the discrete energy level based on electrostatic energy in formed in the 
discrete energy level. 
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50 l/. — #oatSBttM(c^RA^T^«Kl2l/-CflSfb«B 



(3) 



gfc«lil&©il:ifi£a^©*>©#£fc 

tastes tn'mmzm-r z> 1 t>5 ras**r l-c i» 

[0 00 7] */c. ^@ffi(c2*L-cm?ft£jg®K:gi£;# 

(Phys. Rev. Lett. 66, 3060(1991)) . 1/#>U £©*§ 
[000 8] 3 fiLhifr^fc «fc 5 ftAIt&^lgi {* 

Ltc&micm~3 < gAa2»atJa«i^^-r c i warn $ 20 

ftTl>& (Phys. Rev. Lett.68, 3745(1992)) . C©<fc 

14ifii»ti^©1*feftK: <t 0 . &8ttj&iSR&^©* tf >»£ 
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[ooii] x e>'w-7m+mm h 
eizmmLtcmmimi+btahn-c^z. corns. 

f>*jg3gs-a-s^s*i*i). -e©fc«t>©8&WEP»nfflii 

[ooi2] s^k, m&&#zm^tc t> 
♦d(5>4^ t*> h * <tffc-r ^©rtifcje.ft-ct,* 

•5. cn«^MB514(*/^)l#S514<*/#)iett^CD 3 

^©^(cma^Entti-rsi. 3&2©&jg5Bi±#££jg# 
j* i to&vm2.<D$emmk&<Dx t>#5t>cc¥ff 

l>5 &©•£?*>£ O.Appl. Phys. 79. 4727(1996)). U&> 
[00 13] iiSi'-ci>^5>- Fja^CcJ: 

•> mm&vmm&mtt z>ct # mm 2 nr t, > * (3 . ph V 

s. Soc. Dpn. 66, 1261(1997)). >h3 4>0 2S 

c ~ c 1 /2Cfct:f:c*flr - >tWcU CrtVhStffttt 
E c mimic** <fc»). «f i<I<fc h>*^ 

I/, C©«fc5&*-n>:/a^-Ftfl?rcfe&2:©h 

«Dtt»Ctt. ffita« 2OOh>^^S^ffita©«(CJt0!l 

[0014] S£3fcfr><=>, m^*-5(.i«*-;u©e*4fij 
ffli//c^iL,r«¥^i*^*^6nr*jf). «*© 

ftT^S. L#>U 4^&s^«1t^©ti#©#**OT 

[00 15] */c. #JS®il!imft)S. i&SOfctS&S 
^#©-.:rUi f * * ;Hl*>e>ft*fglf^tC*s<,> 

*s^fiS$n. -e©x*-rt^-igft*igifcLT h>*;M£ 
*jffic>/tfc©-c*») > m^©^f>«*ijfflUTt^i>. 

[0016] 

jus^a. (,=.-rtifc^^<[)m^©*4fjfflLfc*>©-c* 
•3. m^-©^f>«fijfflu-ct^ccc>. 

[0017] m^©^f>=&WfflL>/ce»^i 



c©»^©attfflssie-^ti®^si4?:^-rfcas?>. la 

[0009] — ^. X f>«c??t5tgL<!: «j< 30 
© 3JlS@H^e»!&:f) > -^T©?Satt®©«?S*^ffi^ 

©^sai4@©«fi^3j:o*>/M^i«j&{c*j^r. wmm 
ftmMicm&zwmLx b >^^^*^*^-ttst© 

[ooio] c ©<t ^ &&aB*i: h >^.^«^^^jg 40 

TiKfM^»') > ^©«fc^&»C^^U15r^M 
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[ooi8]*fc. &m®.m*/£M}m&#/$mm 
[0019] s£3fe©m^e«^t»^< s 

[0020] 

mmztm? s/t*©^©] &ett$t 

in 1+ .-2. f > ttsitna k > * .'!^s.**ajra> -r ^ 4><n"C*> 
•5C££&IEt,;fc. ##SHm*C©<fc5&&mfc£0 t tfcliE 
J§HIK:g-?< fc<Dt?*S. 30 
[002 1 ] ±iBLfcxt>«??;£iJi h 
2*li{±©^mh>*.>M$£K:J:&fc©-c$>.5. 
r. ^x^-aattJ!*^*^^©. ssatta 

>*;Hg£(tfci,>Tfc. P«cDJ***s»6ns. xb> 

;i^#Cc:teWS&®1£#©4>ft< ifc-otc. Biffcffjx 

[002 2] *^«±S2L/Ccfc ^fcSrfcfrftjiKtt-? 

[002 3] f &*>^« *ftBBCC:btt&& 1 ©*fcr>« 

ii#j®i octets ufci^tc. uifcLh© 
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[0024] *ftH(C*»* SSfl 2 ©X f>te#e«^^- 
f»jJSS2«:sBtSLfcJ:5K:. sfSftv h «; y t>*fp 

[002 5] #f£9§©* fcr>0c#£W*?-H:. IMSg3 
(ciBtBUfc «fc 5 K. luiB^S f b>#a? 

!S^ai4*5j:D ; iS*S5«:iB*guft:J: i 5«: > M 

^bjcdx t- >ts#e^*-?-«. it >m 7 {ciais u tc <t ^ 

K. 2Sg^-¥-«it*Jj:C) c 3^*-?-fltiicD^m©« 

[0 026]*^ ^^©s^SRPafci^iima^ 

«. t»*3S8*JJ:0'i«*^9(CIBiSL/ft:J:^«:. ±&L 

flMcgi O^JcO'lt*^! HclB]i8LfcJ:^«:. 
±&Ltc*miX f>fiSc^ei»^«rAfii-r S C i 

[0027] 

[0028] *-T. b->tfc#£5iSf^F-cr>tt# 

i(a) izxftwvm 1 b->t&se«^©»*i8 
ffc^THr**. lai (a) cc^-r^b->t«c^e^ 

^1 (D^BBEttB 1 /^«»B 2/^2 ©^figffil 

3 /wm&m A/mz cmw&m 5^6* zmmmz^ 
lx. 3m<&mmmi. 3. sra«:2Sh>*^«^ 
[0029] moymmmi. 3. 5©^%. mi** 



T-&<fc5K:. F>*;H^©mn»ca5Si)i (5) 

#sfm<*@ 2.4*^- 1 (omm&m 1 £Ht 3 v>m 
w&m 5 £ ©pa tc-e- n-en h > * ;nti£#i£n * <t 5 «: 

[0 03 0] c©«fc5fc«ig«:*s<,>r. m2<m.m&m 

3&+ftlcm^m£lcit. HI (b) tc^TJr^Cc. a 

^mmic ct f) jp 2 ©3s«8tt® 3 tc * t- > tctm c fcmtsc 

sf>{cxb>#g!l,r*j9. _hlpj*^b*> (T) <iT[Sj# 
Xf> (1) riix*;l/¥-#£&x*;t^- T ©#i''c 

[003 1 J4. 01 (a) (C^OfcJ^tC. m\<D& 

fl^©su£Epjnnr&. -rs<t. »<,>gtmf*Ji (h>* 

;U1> 2«/|-L-cmi©StJS14Jll i02©^fi8tt®3 

a 1 3 ©^attn 5 tcmz.tc'mEy&m.^tmv t 

»2©^S214a3rt©±jSj^Xf> <T) StcltT 

fSi»xfc-> (i > ©sca^x- t Ji '- y-^©^^© 10 
(Hi <b) T»txt» *^ 1 ©ssagsttB 1 ©e» 

[0032]f^t4t, *q§t£@5c*.s8iffcfl«jx*.n, 
^-sna©* tr>£ eras©* b>&}#oui 1 ©^sa 
14B 1 *©e^m-?{*, 111^12. 4{c<fci5sw$n 

SC££r<. i005a©MJa^*4>-3TMl©3Sai4Bl*i 
6IS 3 ©SaSttJi 5 h > * ;K5®T & C i #r i* S „ 

^ft£tt^©xb>£jfo£®s^«. h>* 

[0 03 33 3£fiBtt&r«:7 x ;U 5 ?»fiKfi«©^^©* 
jWk»{cSF-^1/. L/*>fe^©e«m^©^«^f>{cJ: 
•^TS&S. S£^r. IS 1 ©3£88ttJS 1 i^2©3fifiStt 
® 3 ©fiBfttfSVtc WOc t SiSWft i #r JJ. * 

x.. mt3:*2 ©yaffil 3 ©imisi/. ssi©3i 
B5 *^^cs«sb« h >^)vmmmnm?>i><D-v$> 

SB^ffiffl-r S C <t AST t £. 
[0 03 4] Hl«#3S(**ffl^fch7>S?X5fk:taa 
L/. IS 1 ©S&5S1&I 1 #x $ »2©littl3ds 
-<-X. S&3©5£5&14B (*£tH*#51B1411@I) 5*1 
3U**{c*ftc.-rS«, -Tftfo^. x; 7 * (l) i^- 
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* (3) tC^JEEVe.^rElttn-rSi^-xm^EI. 

tl, -c-X (3) (5) tCiMmjEVc.^EUfln 

[0035] cti&-cizm2o&w&m3<Dz.t:>ifin 

1 ©&B&14J1 1 ©x e>(c*f or W4s J: #£¥*?©*§ 
^5c-X>rs&HJiL./c#. — flSfcftSe fcfcft&^tctt c 

osetcJtFSt/ch^^^mdS^^n-s©-^ ^fflfc 

10 <i:o-CXb->©ffi>*«BE0^ffi-r.5Ci*sr#5. c 

*mzct cne.©ts^cj:-or. #it9j© 

Xb >ft#£&f^teX©SBrc©x b> h 5>^x $ 
[003 6] *^©0 1 ©X b^&fffcjgSI^RJ. * 

w*f^cc*jw£mjmiiMh7>i>;*£ (fed © 

<£5(C. ^2©^fiHE14B3{C^VTxmEE*Erojn-r-Sit 
20 J:5fctfJi&©— m^LTt,^. ^2©®S5ttB3{C 

». ^wrxmEE ; &Enjnrr.5fc*©^i7*i|9:W6tir 
c©Jr^^«^{c*jc^r. ^i©5fifiSttB (Ml 

©mffi@ ) \tmz comm&m ( m 2 <Dnmm/?m& 
— m-c$> A©r t a(c^ni ; g : EPflabT \ - >*)in 



Wt&mL, •Sg7*»6.m2©3Sl5li4B3K:^>rTX^ffi 

*En*n i/ -r m 2 omm&m 3 ©gtf&ftx* }\,*-m& z 
mm (i"? f ) T-scitct-^t:. x f>«c#iti»y^g 

[ 0 0 3 7 ] 3 6fC. *ftW<om 1 ©X b>«^Gz93g 
30 ^fC*st,i-C. tttSt^x^JU^-Vfi^^ERTS^BgEttJl 
(airtt$2©5IIttl3) « iBfCRg^nSfe©^ 
< . ■W^. (fH 3 CCttc-T J: -5 (c tp?3<&&ffi.tem 
iii§(3a, 3b. -3n) iTSi^CC. Clx?>§ 
^SttJlSa. 3b. -3n«ritm»jl9iSS{caJl 

•r-SCifc-Ct-S. CO.t^^^Kfeti-Cfc. w^© 
SSSBttB 3 ©tlltJ{95x4.^^-»|ia**i|®-r-SC i <b «fc 

[00381 11-3 {CTFLfcX b'>«c#e«^T(C*j 
40 or. SSfiSEffill. 3. 5©^*m«^«:K3e$<aS 
4>©rw^t<. vp-f«:n^3tiSF e-N 
^. 5S»14«r^-TFe. Co. N i *$ J:C/^n6^tf 
NiMnSb. PtMnSbCi^^t^^^- 
^ifei-©^-^^^^. CrO, , v^JtYh. M 
n-^n^X*^ H5:i-©^t!BJ^©/N-7y 5?Jk 7* 
r X^&£*©«*©$cfiS^1v«4j!p6. C o - P t 
F e -P t^. SE££R-#±S^£&£*©« 

itttmsr. a^©5S«i4«^=&«ffl-ric<bdsr& 
s. 

50 [0039] Sfc. mi*j«fcy ; ^2©®fiai4Bl. 3© 
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■5 J: 5 ft/PS, JM£fl<jK:«: SnmtTFfl&i-r*. 
J:EFfll30«ttaill. S<om2\micmM2inZ>t>(D 

t?»&<. m« o.i~ loom^si-rsciiOwsL/ 

i\ 10 
[0 04 0] S6(C. ±^Lfc*S6^gg-C»h>^^g 

c©fts#®2. 4fC^r^f*:Jg4h>^^a 

t bxmm bx &isj«#* e^&tff&mm+zmmrz 
ct&xz. ztdisiwjii'Em ■ wmfimztiz. h>* 

ffitSCi^TtS. h>*;HgCDil?tt 0.5~ 

[0041] ±.ftLtc$mjtm-ei*. m&&#±mm.# 20 

*i*f&l93©02 ©X b*>fi!<??e^^-C* ^„ 

[0042] -ra*%. 04 (a) jc^-r^f>^??e 

^-i&tt®i z/Kw&fcfrztez^owmmi 3 
*>e.&£«®ig£?ri/ c©»n)g«:te^-c. ^ 30 
v-a-v-imm 1 2 i*^s#-7 \-vv?xi4 tpicm 

7-BH4® 1 2 BiB^Stt^Sr. *n&©G8£*>£J# 
-^figtt^-C*^. C©^7-^ 7-6314® 1 2*^ 

r. mi onmm 1 1 £i»2©sffii 1 3 ijwaigiaa 

2*jj;o f ^7-*7-fiatt® 1 2 <tm2©se®i 3<fc 

ros. r>it>5. ^a7-«ttii2iiiii 
1 . 13 tomicit 2* h >*}i>m&&mi&ztixi,> 40 

[0043] &*J. f&2©S@® 1 3 «^S814t*«:fig6 

-rmmfrxmtitux *i*j:e«ii 
2©sg®ii, 13 ©5 5. ii>3&: < tbmKDmmm 

1 l**0H£<rc4Mmtf£J:ir>. Sft:. «SM 1 1. 

i zty~>-*.v-imm 1 2 tresis® i2g-rsc 

tKRgA,-r. *ft6©IHJCh>*;US«^8Ktt-&e&© 
[0 044] C©<fc5&«J&«C*SfcvC. 

ma 1 2 tctt^^m ietiot, mi ©me® (% so 
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w&#) 1 1 i^v-*7-eati®i 2i©^tcmEv 
..tEMors. tux. v^-^^-w&m 1 2 tm2 

omms (#NSB14f*) 1 3£©fSK:j3!flP*l©SEEV ct £ 
MUTT*. CCT. y5-»9-«tt»l 24J©3£6£14 
ffttt^T- 1 5 ©*£ 3 tt-hftl&hS < . £fcJ3H£^S# 

fvi mmtcj: ix%m&m&* 1 5 ox**? 

-Stttt. Mi*A"F-E« =e J /2C (e«S^© 
Sffir. Cl»©gl) (Dtctblc, 04 (b) tc^-TJ: 

[0045] nj&Lfcffr 1 ©sufi^si<bi5« 
ec. ji^%ffi©^vr^mffVc.4EnjjnT-5i. 
^7-i»tt®t^i©m®® <?sssttB) 1 i<b©iatc 

S„ JioT, SSI 6 K«S OIIHtKmxMf- 

»9-«tt«l 2©»ffc*HSU Ktt&Sl ICOSBMt 
*K(g***i«. ff*?h>:M'Sjfc&**&<JI%&fc 

[0046] — ^r. mm 1 6 cc j: oitte^fiii* 

^-Stti^flWttSfc J: * J: 5 tcWiS-T £ & *-n > 

fismg^m^sflffl-c « * i t, »5 m l 1 4i««^« -s. 

[0047] &2<DZ f >«c??iE^Se^-tC*5L»T*>. 
i&U/cHI 1 ©^ tr>|ft?¥©WRT-iRaBC. «!8t4® 1 
lii'v^a? -8B14® 1 2 i©^ e>©«»ftflt*« 

«5^®i 9«*rr&s«ti 8±Kja«Lfcy9ia9- 
ttttn i 2 tc^-f rxsn*EPj]n-rsfces?)©sg 1 7 * 
Rt*fciVfi£-*-&c -r^*>^. mi©ss 

®1 1 <t02©Sffi®l 3 i©ratCS)E^EP)!jnLt: h > 
*^S?fe*ifcU Sffil 7*>6.^7-*5-SSttBl 2 
K^* -Y T xmU^epJO bT $=7=-*.^ -W&M 1 2 4 1 © 

® 1 2 txia 6 tt^-r «t 5 k. ^— (DmmvkVtf-xm* 

lf v hZfcmLX^ZiiOX&^Xiiii:^. m4iC7j%L 
[0 04 8] 3P>(C. *^©S2CXt>{SSfiif 

^fcfct^r. i/^-*7-figtt®«i®«:ise»nsfc© 

asai/fcssia^jeffl-rscifcpjti-c**. c©± 
53&«^{c*j^r«>. y7-^-7-?affii©giiftWx* 

[ 0 0 4 9 3 0 4 ~0 6 (C^UfcX f >tS#e#*^K 
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1 44iiest£tMft?-i 5^tJts-a-cc>5fc 

Jn^3<. ZhUzVv-zLV-W&Ml 2©«i&"* 

1 5 ©tts&m. $ . atuKSft zzmm-rz 

[005 0] Sf5-»5-«ttJB12tt. ±3 1, ft: J: 9 

&9<hs<&s©-c. *ti*i»?ft:tt>tc. atta&^i 

5fc«#{cSBMM:£14©*#c»Co. Co-Pt^. 
F e - P t 9S&R-*±M#ft& <h' C 

[005 1] fflttftWbSO*:*^!,^*::.^ 



©wwfcH*©w»tt«*Bi»BBBu c©®jsffis 

3Er» 6 T *SB#1t£ aittJ-T S C i tCfc 0 X f > Sr @/£ L 
1\ FeMn^I rMntt2©£3fflBt£lt£ttflrrSC 
[005 2] f 1 2 C&bttStttttRtt 

(.». sttttastft^f- 1 5 ©mm*. -?-ne>©w-c h 

[005 3] *fc k §§m#v f-'J?W14t OtB. 
A 1 , O, . SiO, , MgO. Mg Fj . B i 
■ O..A1N, CaF, tt£®B«emfttm*tt 
Jirr-Sc c©«fc5&R«{*i8tt>K:_kfat,;fcJ: 

ttJii 2*if#e,n*. «c*», ±fiBLfc»{bjg. mim. 

&?Z1fi. *©J:9ttR»Mr*oTifflWW»*«t 

[005 4] — &6&14JI1 1 ara^-*?- 
fiStte i 2 &(DnrfiHlA(c^nff«#orc»tiiXJ: 
<. MittX/'C-va'fKftftdtiSFe-Ni^. 36 
tttt*SVTFe. Co. N ifcJ:tf'eti6££t?£^ 
NiMnSb. P t Mn S b©«fc 
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if©^-7jt$*, CrO, , 7n*-fF, Mn^P 

^^fti'©«<r©«:fi8l4tm*»6. Co-Pt^, 
F e - P t ®&&IS -;fc±S£&& £'©8188141* 

S>»©^fi8tt1*f4?:fieffl-r5C<i:3&s-C*^. 
[ 0 0 5 5 ] ^-7^$;KJ-*©^b">;t> 
FKx*^-¥i> y^##&T£©-C. — *rS]©Xt 

10 &58Sag!^S*#SCi*s-C#4. fcfc. m2©ne 

m 1 3 ic&8^#£&ffl-r*t§^, ss 1 (ommm c&bb 

tt(*> 1 l&&rL6FI£tmr&&!&St2&<. 

[0056] mmm 1 1 \tmmm^icmh-r. mm 
m*ftL,xm>iL r3©Kttttjre*ru cn^>M 
tt«©«{b*m»ecs^ff J: 5 fc^s-tf fcflM 
Jgt?*-?T c©«fc^)tcS^f«:fe^S-t±/cSJl 
©tennis:. sn»ttJi«>6tt««i9MiS(cansc&«id 

»*LI,^«Sit>5Ci*i-C*S. C© 
[0057]36tc, Si?KttJli^^@i*3£S:(ca 

30 IOFeSi^/3-FeSi, . GaAs^ct'^ffl 
[0058] ^^-^^-SSttJll 2J3j:i^?S®ffill 

■c** 0 *te. 2*jj;cmiS5ttJl 
1 l©K/f« 0.5~ 100nm©ffiffli-rSCi*s»$L/ 
C©^^. ^7^*7-aSEtt)ll 2©Mil«-C#S 

M»MtrfttltXJ:<. m«50rmWT-C&n««fc^. 
[0059] ±jfiLfc-SHJtBSS«:*5»,»rB. *nw© 
^ 1 *>£0*2 ©^ tT>tfcffG**?* JJa^-JR^-i b 

H4~05«:^ufc^b->tt#e«^tc*j^r. mi 
so ffseettJinB) ccmfffcEPftju -e-©ra©s^*a'j^-rn 



13 

[0060] «±Si?)IL</c«fc^K: v 2fc#HU©*t>«(i# 

s#i*Kc£JiS£ffii,>Ti,>s©T. fiig 
•9--rxj&5jaiHMbLr*>++ >;7©&#^©-a3Jig&t<> 
esastx^ms^^- ? f. «B»ie 

[oo6i] ##sb©x e>tt»fiaiwf-©*# 

WttJR^«»C-3l»-C. H74»J:»n98«#fiRL-C. 3 
[ 0 0 6 2 ] ST. 07 38&?4*jg©;* e>&# 

eawm*. *«2 1 ±tc^n 2 2 . sasateJi 2 3 

(23a. 23b). if? — .-» i?- WHS 2 4fe>t' c ^ 
JSH2 5*5JIRK:«Jl;*ttT:t>.5. ftSit>%. ^7-^5- 
— 62t4M2 4#&8Bttli2 3 a <ty- Mi@2 5 £K:J: 

[0 0 6 3] CC-C. 5S1S14J12 3 b«§SfiSttJS2 3 a 
J12 2«^ticc^-rmS£©i^* ; Sr^5c i(cj:^>r. 

?s?si4Ji2 3©xb->©is)#5r$uai-r*s«ii=&wrs. 

^■7-^7-fiS14)a2 4(C« 20©MS26. 27KJ: 

0*2 8 IStfiNUfc 2 9 BSil^ih/cSii-C* 
•5. m®2 6. 2 6' *J«fcD t mffi2 7. 2 7' B 

•en-en— *©*r * -p-c <,>. 

[0 0 6 4] ^x^7-M12 4*©«14e&i&^tt 
1f-fX*WS<. -e-©fc«)d'-P>^n^dr-F^{c 

jfcfKStvco-s. t©<fc5&titiS(cte<.>T. ii2 7t 

1I2 6(DH (*fc«mg2 7' £^©2 6' ©R8) fc 

hm©2 5(OW7X1IE£EPflD-f££. ^-^5- 
58ttH 2 4 ©#Hx * ;l/=^-ISI(4«:$iJai«{ S C £ #r # 
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[0065] c©gs. ju T^«E*a^a«{c«wr 

££. B&aSLfc«fc5{C^7-*5-Sfltt®2 4(cm3 
ftfclHknx**¥--4MfcP:'7 hU ^SSffil2 3© 

e^m-?©x*;i,+--£s%sj;^K:s^-ctr^. 

r. &SB14JI2 3©* Cite J: o"C. 

*Sfc«mffitt^JiiaM?6ft.5„ ffiffclftx*;^ 
-?«4£3£«81±II2 3©eilf©x*A+-i0U'< 

muz*% ^aas^^Epjjn-rs 

^©*£$*P6*fc">©ft#£«S^SC £#-?£&. 
[0 0 66] 07 U5&i3EttJl£ ^7-a7-i8tiiS: 

08cc^-r,t^(c. ^-7-a5-esi4JS2 4*>pts;< t 

b-^&mfflk&frhtiZim (30a. 30b)-C» 
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